Absorption and retention capacity of a mixture of wood pulp, superabsorbent and synthetic fibers (polypropylene, polyamide and polyester), designed for production of the core for disposable pads, were studied. The measurement of absorbency was carried out in the broad range of component weight ratios in a solution NaCl at different lengths of time both with and without pressure. The insertion of the synthetic fibers into the mixture of wood pulp and superabsorbent influences on the physical structure of this assembly which in turn causes the initial rate of absorption to rise. Absorptive and retention capacity of the structures is influenced by the type of synthetic fiber: in the presence of polypropylene no change was detected; the presence of polyester and polyamide fibers caused an increase in absorption ability of the composite structure.
Introduction
A variety of pads for adult incontinence is produced today. Most of them have as the main part -an absorbing layer, or core, that contains cellulosic fibers from wood pulp and superabsorbent -synthetic polymer from the group of polyacrylates. Absorptive properties of these two components determine the behavior of the pad in the process of absorption of urine, i.e. absorption capacity, liquid holding ability, and transport of liquid through the core [1] [2] [3] [4] [5] . Besides the mentioned parameters, physical properties of cellulosic fibers: stiffness, resilience, deformation in the wet state without and under pressure influence the absorptive behavior of the pad, because the absorption involves not only swelling of hydrophilic fiber, but imbibition of liquid in interstitial voids and capillaries and spreading of liquid in the core. Survey of the articles in the literature has shown that notwithstanding all the improvements of the incontinence pads, one problem remains in their use -leakage of the liquid if time of application is relatively long (the whole night, 6-8 hours). The principal cause of leakage is inability of the core to absorb and retain all the volume of urine evolved during this long time and to distribute it to all the volume of the core, because the swelled cellulosic fibers from wood pulp are prone to partial entanglement and clotting especially under pressure, and this circumstance restricts the possibility of this structure to absorb liquid. The superabsorbent is able only to absorb and to retain liquid, but it does not promote its spreading in the core [6] [7] [8] [9] [10] [11] . The comparison of the total absorption capacity of a middle size (weight of the core 100g) incontinence pad equal to 1000g and the volume of liquid (urine), evolved during night -500 ml, points out that the potential of the absorbing layer is not utilized, because almost all the volume of liquid is stored in the place of insult, i.e. in the crotch but not in the side, front and back parts of the pad. The diminution of the volume of voids in the structure of the core owing to the deformation of the assembly of fibers in the wet state represents hindrance to the spreading of liquid.
For enhancement of physical properties of the assembly from short cellulosic fibers it would be expedient to insert into the mentioned structure the synthetic fibers that are hydrophobic i.e. do not swell in water, are stiffer and more resilient than cellulosic fibers and are not prone to clotting in the wet state. Due to these properties of the synthetic fibers it may be supposed that they should keep the physical structure of the core after wet deformation and consequently improve the distribution of liquid in the core.
The purpose of this study was to evaluate the influence of the synthetic fibers on the absorption capacity of the assembly of cellulosic fibers from wood pulp and superabsorbent by different ratio between them and to find optimal composition for the core.
Materials and Methods
The materials used for the experiment were: bleached soft wood fibers from Southern Pine, Sanwet Superabsorbent (Clariant), commercial synthetic fibers: polypropylene (PP) (5.8d), polyester (PES) (5.6d), polyamide(PA) regular (5.0d) and texturized (5.0d) (length ~ 3-4 mm). Characterization of the absorption capacity (AC) was carried out by the modified test of EDANA [12] [13] [14] [15] . Specimens for the test were prepared by mixing all the components in the blender, weighing, keeping under pressure, wrapping in the wipe and placing in the wire basket, soaking the basket with the specimen in the solution 0.9% NaCl for some periods of time: 15, 30, 60, 360 and 720s, removing the sample, draining for 30s and then weighing. When the weight of the wet sample was constant, it was taken out from the solution, kept under pressure 5 kPa for 360s and weighed.
The absorption capacity (AC) was calculated as total mass of liquid (g) that 1g of the sample absorbs after soaking. The retention liquid ability (AC rm) was calculated as total mass of liquid that 1g of the sample contains after the 5KPa pressure for 360s. Coefficient variation for the determination of AC was -10%.
The experiment was carried out in several stages: 1. Influence of synthetic fibers (SF) on AC of their mixture with wood pulp.
2. Influence of wood pulp and SF on AC of their mixture with superabsorbent (SAP).
3. Influence of SF on AC of ternary mixtures: wood pulp, SAP and SF.
Results: Influence of synthetic fibers on absorption capacity of their mixtures with wood pulp
The results of the experiment are presented in Table 1 . The data show that the values AC and ACrm for the mixture wood pulp with PP (ratio from 90/10 till 70/30) are equal to the value AC for wood pulp alone. By ratio 50/50 AC of the mixture is lower than AC of wood pulp alone owing to the lower value AC for PP alone. The values AC for the mixtures wood pulp with PES (ratio 70/30-50/50) are higher than for the wood pulp alone, because AC of PES is significantly higher than AC of the wood pulp. The values of AC of the mixture wood pulp with PES correspondingly are noticeably above the values for the mixtures with PP. This points out that the importance of the physical structure and its behavior in the wet state is on a level with swelling of the cellulosic fibers. It is known that the resilience and elasticity of PES fibers are higher than of PP fibers, and these properties of PES stipulate the lesser deformation of the structure in the wet state and the higher absorption and retention of liquid by the absorbing layer.
For the verification of this statement the analogous experiment was performed with two types of PA fiber: regular and texturized. According to physical properties of these types of PA, i.e. particularly its generation of high volume, the texturized PA would produce the more porous structure and the higher value of AC. The data in Table 2 confirm this statement.
For the evaluation of any type of the interaction between cellulosic and synthetic fibers during absorption of liquid in the wet state the value of AC for the mixture was calculated according to AC of individual fibers and their quantity (share) in the mixture. The comparison of the calculated and experimentally found values of AC for the mixtures of wood pulp and synthetic fiber (Tables 1 and 2 ) after being in the wet state for 360s shows that the difference between them does not exceed the value of coefficient variation. The value of the coefficient of correlation between the calculated and experimental data confirm this statement. (15s) is significantly lower because of the presence in the structure of the core any volume of voids still unfilled with liquid and uncompleted process of swelling of the components of the mixture.
Thus, the behavior of the mentioned fibers in the double mixture is additive, i.e. both components behave independently and do not disturb one another. This fact points out that the advantages of both components may be utilized by their application in the mixture.
Using of the pads sometimes is often combined with the necessity to absorb liquid under pressure according to posture of an adult. Table 3 represents the values of AC for the individual fibers and their mixtures after soaking in the solution NaCl under pressure 5 kPa and then draining the sample while maintaining this same pressure. Data of Table 3 show that the values AC for the individual fibers and their mixtures are lower than in the free state because the pressure partially deteriorates the physical structure of the assembly and reduces the volume of voids in it. The structure of the assemblies, containing PES fibers, is more stable to the deformation in the wet state and is able to retain and discharge after wringing more liquid than wood pulp alone. This fact may be premise for the next enhancing the absorptive and spreading properties of the core. The behavior of the each component of the mixture by the soaking under pressure is also independent what is confirmed by the values of the coefficient correlation (Table 3) .
All the experimental data of this part permit to appraise the influence of the synthetic fibers on the absorptive behavior of their mixtures with wood pulp as positive because AC in the presence of PP does not change and enhances in the presence of polyester by use under or without pressure.
Absorptive behavior of superabsorbent in mixture with wood pulp and synthetic fibers
The AC of SAP alone and in the presence of the cellulosic and synthetic fibers are presented in Tables 4 and 5 
times, is accompanied by the growth of AC only at 50%, i.e. 0.5 time. This fact proves the unsuitability of using this mixture with content of SAP more than 30% because it is not expedient.
The second cause of the application of the restricted quantity of SAP is ability of the swelled particles of SAP to migrate in the wet core under pressure and by change of the adult's posture.
The reduction of AC of the mixture of wood pulp and SAP can be explained by the result of the comparison of the accounted and experimental values AC and ACrm for the double mixtures (Table 4) 
low, what is stipulated by the difference in the rate of swelling of cellulosic fiber and superabsorbent due to their properties.
In order to determine the role of the synthetic fibers in the absorption of liquid by superabsorbent in their mixtures was determined AC and ACrm in the range of ratio: 70/30; 50/50; 30/70. The data are presented in Table 5 . The values of AC show that the initial absorption of saline (time 15s) grows as a consequence of the use of the synthetic fibers in the mixture with SAP. It may be supposed that SF reduce contacts between the swelling particles of SAP and obviate the hindrance to flowing liquid to the outer surface of the SAP particles. The influence of SF on the absorption capacity of SAP at the long period of time is analogous to the influence of the cellulosic fibers: the increase of AC is not proportional to the 0.83 0.70 *Exp-experimental **Acc-accounted increase of the quantity of SAP in the mixture. The coefficient correlation of the accounted and experimental values AC is high (r=0.91) at the long period of time, at the initial period of time it is low (r=0.21). PP and PES fibers influence equally on the AC of the mixtures with SAP in the free state, but after wringing the assembly with PES fiber retains more liquid than with PP due to its physico-mechanical properties.
Thus, it may be concluded that the independent behavior of the components of the mixture in the state of completed absorption of liquid permits to use the synthetic fibers in the mixture with SAP for production of the core for the incontinence pads.
Absorptive properties of the ternary mixture: wood pulp, SAP and synthetic fibers
The values of AC and ACrm for the ternary mixtures of wood pulp, SAP and PP or PES fibers are presented in the  Table 6 . The data in Table 6 show that AC of the ternary mixtures, containing 80% wood pulp, varies insignificantly by the variation of the content SAP from 5 till 15% and ratio SAP/SF from 3:1 till 1:3. The ternary mixtures, containing as base 70% wood pulp, behave in the same manner: the change of the content SAP from 10 till 20% by ratio SAP /SF 2:1 -1:2 is not accompanied by the significant change of AC as in the presence of PP so of PES fibers. Nevertheless PES fibers cause the increase of AC and ACrm as compared to PP due to the ability of PES to form the physical structure more resilient and stable in the wet state. The influence of the quantity of SAP on AC of the ternary mixtures, containing 60% wood pulp, is more significant than for the preliminary ones: the reduction of the content of SAP from 30 till 10% is accompanied by the decrease of AC to 20%.
It should be noted that the absorptive behavior of the mixture, containing 70% wood pulp, at least depends on the variation of the quantity of SAP and ratio SAP/SF, what may be the basis for the appraisement of this ratio as optimal.
The comparison of the accounted and experimental values of AC, determined for the period of time 360s, that are presented in the Table 6, show that there is concordance with the results shown in the previous divisions of the article for the double mixtures of wood pulp, SAP and synthetic fibers. All the components of the mixture behave independently in the process of absorption, swelling and retaining of liquid and do not disturb in the absorption of liquid to one another.
In the commercial incontinence pads the absorbing layer may contain diminutive quantity of binder and may be treated by pressure or high temperature during the process production for enhancing of transporting ability of the core. This treatment influences on the absorption capacity of the core. Therefore the absorptive properties of the absorbing layer (wood pulp and SAP) from the area of the crotch in the commercial pad were evaluated in the free state and under pressure without and with addition of the synthetic fibers. The results, presented in Table 7 , show that the addition of 30% PP fibers to the core does not change its AC, simultaneously PES and PA fibers provoke the growth of the absorption and retention capacity of the absorbing layer without and under pressure. Besides the addition of SF is accompained by the change of the content of the mixture , i.e. the decrease of the quantity of wood pulp and SAP. This fact points out the possibility to reduce the quantity of SAP in the core. These results are in the concordance with aforementioned for the ternary mixtures of wood pulp, SAP and SF and confirm the positive effect of the insertion of the optimal quantity of the synthetic fibers into the absorbing layer of the pad. It should be noted that especially the use of polyester fibers in the mixture with wood pulp and SAP enables to decrease the quantity of the expensive SAP in the mixture keeping the equal results of the absorption.
Conclusion
Today the healthcare disposable pads are in widespread use for adults suffering from the incontinence and other diseases at home as well as in hospitals. The principal quality of these products is the high absorption capacity and ability to distribute liquid in the whole space of the absorbing layer (core) of the pad. These parameters of the core are stipulated by the absorptive behavior and the physical structure of the assembly of cellulosic fibers from wood pulp and superabsorbent that are used for the production of the disposable pads by the most firms -producers.
The short cellulosic fibers from wood pulp are able to absorb liquid instantly and partially to retain it in intra -and interfiber space but in the wet state and under pressure the assembly of the cellulosic fibers is prone to the deformation and clotting that leads to the change of the capillary volume and hinders the flow of liquid. The particles of superabsorbent have the absorptive capacity in the NaCl solution, that is 2-3 times higher than the same for wood pulp, and are able to retain the fluid absorbed during the long period of time. However, rate of the swelling of SAP at the initial period of time is slow, furthermore sometimes there is an effect of "gelblocking" and migration of the swelled particles of the superabsorbent when the core is in the wet state and especially under pressure. These shortcomings of both components of the core cause the basic problem that has been encountered for the incontinence pads -leakage of liquid (urine) sidelong and backside of the pad as a result of the deformation of the physical structure of the absorbing layer in the wet state i.e. the decrease of the volume of voids and capillaries in the interstitial space and insufficient possibility of the core to absorb, retain, and distribute liquid in all the space of pad.
The main objective of this research was to enhance absorptive and retention behavior of the fiber assembly, intended for production of the pad, by including the synthetic fibers, that distinguished from the natural ones by their hydrophobity, stiffness, resilience. The mentioned properties of the synthetic fibers should lower the deformation of the core in the wet state and keep partly unchanged voids in the inner space of the core.
The results of the investigation have shown that the synthetic fibers according to their physico-mechanical properties are able to form the structure that imbibes and retains liquid without and under pressure. The presence of the synthetic fibers in the dual mixture with wood pulp has positive effect on the absorption and the retention capacity: polypropylene fiber does not change its value, polyester, and polyamide fibers enhance the absorptive behavior of the assembly owing to "strengthening" of its physical structure. The synthetic fibers in the dual mixtures with superabsorbent do not influence on its absorption capacity but promote the rapidity of the swelling SAP at the initial period of time due to the facilitation of the contacts and obviation of the hindrance to flowing liquid. The absorptive properties of the ternary mixtures of wood pulp, SAP, and synthetic fibers are dependent on the swelling ability of the components as well as on the physical structure of their assembly, and by variation of ratio between the components the role of the mentioned mechanisms changes. The most counterbalanced structure of this assembly is reached by content of wood pulp ~ 70%, when the variation of the quantities and accordingly of the ratio between superabsorbent and synthetic fibers has not significant effect on the absorptive characteristics of the asssembly. The application of PES fibers enhances the absorptive behavior of the absorbing layer and probably would improve the quality of the pad. The addition of the synthetic fibers to mixture wood pulp/SAP, isolated from the area of crotch of commercial pad, leads to the enhancing its absorptive, and retention ability what may be explained by the increasing stability of the physical structure in the wet state under pressure owing to the resilence especially of PES fibers. The positive effect obtained by use of the synthetic fibers is also stipulated by independent behavior of the components of the assembly, which is confirmed by the high values of the correlation coefficient between the experimental and accounted values of AC and ACrm for the dual and ternary mixtures of the cellulosic and synthetic fibers and SAP. This fact permits to predict the content of the assembly with necessary properties according to the properties of the individual components. The application of synthetic fibers for the production of the core of the incontinence pads has yet some advantages: reduction of the weight and price of the pad, improving its absorptive properties and minimizing the escape of liquid.
